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Alan Rosenberger, MD,  Wendell  C. Speers, MD, and William C. Krupski, MD,  
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Two cases of spontaneous arterial dissection occurring in young, multiparous women 
shortly after delivery of  uncomplicated pregnancies are described. Histologic analysis of 
arterial tissue samples obtained in both cases at points near and remote from the dissection 
sites shows evidence of  significant arterial degeneration and loss of integrity, with changes 
similar to those observed in pregnant women, women using oral contraceptives, and 
animals given female sex hormones. The types of  arterial lesions associated with pregnancy 
and their sites of predilection and the etiologic roles of  the hemodynamic stresses of 
pregnancy and hormones are discussed. (J VASC SURG 1995;21:515-20.) 
There is an association between pregnancy and 
arterial aneurysms and dissections. Aortic, cerebral, 
and splenic artery involvement has been widely 
reported, but the coronary, renal, ovarian, and iliac 
arteries have also been involved. Rupture of these 
aneurysms or dissections carries a high risk of 
maternal death and, if before birth, nearly always 
causes fetal death. Although uncommon, this prob- 
lem presents erious challenges in early recognition 
and proper management, yet it receives little atten- 
tion in standard texts and the pathogenesis is poorly 
understood. This report presents two cases of  arterial 
dissection associated with pregnancy whose unique 
features and pathologic findings contribute to our 
understanding of the underlying process. Both pa- 
tients had dissection after delivery, in the puerpe- 
rium, but in different locations and with different 
outcomes. Arterial tissue was obtained for histologic 
study from multiple sites in both cases, with inter- 
esting findings, that are corroborated with clinical 
and experimental studies in a review of the literature. 
CASE REPORTS 
Case 1. A 25-year-old gravida 6, para 2, aborta 4 
woman was seen in hemorrhagic shock at a community 
hospital 3 days after birth after acute onset of right lower 
quadrant pain. The pregnancy, labor, and delivery had been 
From the Department of Surgery, Vascular Surgery Section, and 
the Department of Pathology, University of Colorado Health 
Sciences Center, Denver. 
Reprint requests: Robert B. Rutherford, MD, UCHSC Vascular 
Surgery, Campus Box C-312, 4200 E. Ninth Ave., Room 5521, 
Denver, CO 80262. 
Copyright © 1995 by The Society for Vascular Surgery and 
International Society for Cardiovascular Surgery, North Ameri- 
can Chapter. 
0741-5214/95/$3.00 + 0 24/4/60891 
unremarkable. At the time of emergency exploratory 
laparotomy, she was found to have a ruptured right iliac 
artery aneurysm with massive hemorrhage. Hemostasis was 
finally achieved at the expense of patency, but despite the 
transfusion of more than 10 units of blood, the patient 
remained hypotensive. A "coagulopathy" was diagnosed, 
and the patient was transported to the University of 
Colorado Health Sciences Center for further therapy. On 
arrival she had severe hypotension, acidosis, and hypoxia. 
The patient was resuscitated with large volumes of lactated 
Ringer's olution, blood, fresh frozen plasma, and platelets. 
With restoration of systemic pressure and partial pressure 
of oxygen in arterial blood to normal evels, urine output 
was restored and the right leg appeared viable. However, 
the patient remained comatose and a severe adult respira- 
tory distress yndrome developed that required mechanical 
ventilation for 7 days. On the eighth postoperative day, 
with her pulmonary and cerebral functions returning to 
normal, she suddenly and unexpectedly died of a massive 
pulmonary embolus, adiagnosis confirmed at the time of 
an unsuccessful Trendelenburg procedure. 
Postmortem findings. In addition to pulmonary embo- 
lism, an autopsy revealed an acute dissection of the right 
iliac artery, clearly evident proximal and distal to the 
margins of resection. However, the intima of the left 
common iliac artery contained two ulcerated tears. One had 
overlying thrombus and had dissected 7 cm distal to the left 
external iliac artery, in a fashion identical to the process een 
in the resected vessel (Fig. 1). The left internal i iac artery 
also contained two small areas of ulceration and hemor- 
rhage that were distinctly separate from the main dissec- 
tion. There were no gross lesions of the aorta or coronary, 
splenic, renal, or cerebral arterial systems. 
Microscopic findings. Microscopic examination was per- 
formed with hematoxylin and eosin, Masson's trichrome, 
Verhoeff van Gieson, and alcian blue stains and was 
compared with arterial sections obtained, for control, from 
a 3 I-year-old mother of one dying of unrelated events and 
with no gross vascular lesions. Right iliac artery sections 
515 
JOURNAL OF VASCULAR SURGERY 
516 Nolte et al. March 1995 
Fig. 1. Posterior view of aortic bifurcation, case 1. There 
is dissection proximal to resection margin of right common 
iliac artery (double arrow). Thrombus overlies dissection of 
left common iliac artery (solid arrow), which extends into 
external i iac artery (open arrow). Early intimal ulcers and 
early dissections are present in left internal iliac artery 
(curved arrow). (Original magnification × 0.9.) 
demonstrated blood dissecting between the external elastic 
lamina and the media. In areas not involved by the 
dissection there were vacuolated loci of increased ground 
substance with fragmentation f elastic tissue (Fig. 2) The 
dissection of the left iliac artery was located in the outer 
media with extension to the external elastic lamina (Fig. 3). 
Focal intimal ulcerations were associated with minute areas 
of dissection and a loss or fragmentation of the internal 
elastic lamina, fragmentation of the elastic tissue of the 
media, and focal increases in ground substance. Focal 
changes found in the splenic artery included loss and 
fragmentation f the internal elastic lamina, increases in 
ground substance, and thinning of muscle fibers. Athero- 
sclerotic changes were absent. None of the above changes 
were evident in control specimens. 
Case 2, A 34-year-old gravida 5, para 3, aborta 1 
woman underwent elective cesarean section. On the 
second postoperative day she had sudden onset of left 
parascapular back pain, worse with inspiration. Pulmo- 
nary embolism was suspected but chest x-ray film and 
arterial blood gas analysis were normal. The patient's pain 
improved and she was discharged 2 days later. She 
returned on the eighth day after cesarean section com- 
plaining of throbbing pain in the right side of her back 
and was found to have hypertension. An intravenous 
pyelogram showed nonvisualization of the right kidney. 
An aortogram revealed an aortic dissection beginning 
beyond the left subclavian artery origin and extending into 
the infrarenal abdominal aorta. The celiac axis and renal 
artery to the upper pole of the right kidney communicated 
with the true lumen, whereas the superior mesenteric 
artery, inferior mesenteric artery, left renal artery, and an 
artery serving the lower pole to the right kidney com- 
municated with the false lumen. 
Aggressive treatment with nitroprusside and labetalol 
controlled blood pressure and maintained adequate urine 
output. On the following day a color-flow Doppler study 
showed normal arterial and venous flow to the left kidney, 
but no flow was detected to the right kidney and no 
function was seen on renal scanning 12 days later. The 
patient was discharged taking enalapril and metaprolol. 
Computed tomographic s anning performed 6 weeks after 
the initial hospitalization showed a stable aortic dissection. 
A repeat renal scan at that time showed minimal return of 
fimction to the right kidney. The patient's blood pressure 
and renal function remained under good control. However, 
9 months after the initial dissection, the patient had an 
episode of crushing chest pain and a computed tomo- 
graphic scan showed slight extension of the chronic 
dissection. Because of this, she underwent prosthetic 
replacement of the descending thoracic aorta. Arterial 
tissue was obtained for histologic study from the thoracic 
aorta away from the dissection (Fig. 4), as well as from the 
femoral artery cannulation site. Microscopic findings were 
similar to those seen in case 1. There was blood and fibrin 
between the media and the external elastic lamina of the 
aorta and a marked ecrease in the medial smooth muscle, 
with loss of number and normal corrugation of the elastic 
fibers and an increase in mucopolysaccharides in the 
ground substance. Significantly, these last three pathologic 
alterations were also observed at sites remote from the 
dissection process, in both the aorta and the femoral 
arteries. 
DISCUSSION 
Both cases have unique features and complimen- 
tary findings. In case 1 both iliac arteries were 
involved. Not  only is this an unusual site but it also 
allowed examination of tissue that was affected but 
not disrupted or distorted by the dissection or 
surgical intervention. The changes observed in the 
intima, elastic fibers, and ground substance of that 
artery are fairly representative of those reported in the 
literature on dissecting aneurysms in pregnancy. Case 
2, a type I I I  dissection treated medically initially, 
represents only the third such case associated with 
pregnancy reported in the English literature. 1,2 The 
decision for delayed operative repair, although de- 
batable, 3 4 allowed for partial return of function of the 
involved kidney. The delay of 9 months before 
operation makes the demonstration of similar patho- 
logic changes at sites remote from the aortic dissec- 
tion all the more significant. 
Williams et al.4 reported their experiences with 
the two women with aortic dissections during 
pregnancy in this JOURNAL in 1988. The article 
highlights the difficulties in trying to save mother and 
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Fig. 2. Section of left internal iliac artery, case 1. Fragmentation of internal elastic lamina 
(arrow) and small ulceration with early dissection are shown. (Verhoeff van Gieson stain; 
original magnification × 67.)
Fig. 3. Section of left common iliac artery, case 1, demonstrates intimal ulcer with dissection, 
disruption of internal elastic lamina, andthinning of media. (Verhoeffvan Gieson stain; original 
magnification × 55.) 
child while providing practical advice for dealing 
with this situation. In their discussion, although 
acknowledging that "controversy exists as to whether 
or not the arterial wall is truly weakened during 
pregnancy," they point out that "there is little doubt 
that pregnancy creates tress for diseased arteries. ''4 
Their focus on pregnancy-related hemodynamic 
stresses rather than degenerative arterial changes is 
understandable b cause other causes of dissection in 
their two patients were implicated (i.e., decelerating 
trauma from an auto accident and type IV Ehlers- 
Danlos syndrome, r spectively). In contrast, our two 
patients are more typical in that they did not have a 
known underlying arteriopathy or decelerating 
trauma. However, they are less typical in the location 
of the dissections and the fact that dissection occurred 
2 to 3 days after the major hemodynamic stresses of 
pregnancy and delivery were over. Our histologic 
findings strongly suggest that pregnancy, and the 
hormone excesses associated with it, can create 
significant changes in the structure and integrity of 
major arteries. We believe this is supported by 
literature outside of our field (see below). 
Case reports of aneurysms and dissections of the 
aorta and its branches associated with pregnancy 
predate the American Civil War, but the first large 
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Fig. 4. Section of aorta away from dissection i  case 2 shows disruption of elastic fibers within 
media (M). L, Aortic lumen. (Verhoeffvan Gieson stain; original magnification × 30.) 
review was published in 1957 by Pedowitz and 
P erell.5 This article reviewed 127 previously reported 
cases. The predominance of aortic (n = 75) and 
splenic artery (n = 35) lesions was notable, but five 
unilateral i iac artery aneurysms or dissections were 
also reported. It was suggested that direct pressure 
from a gravid uterus may also play a role in this latter 
location. It was noted that a majority of the arterial 
ruptures or dissections occurred in the third trimester 
or the puerperium and it was believed that the "stress 
of labor" did not cause dissection. Because two thirds 
of the patients were multiparous, it was hypothesized 
that the physiologic hanges of pregnancy enhanced 
the development ofpathologic hanges in the arterial 
wall. This classic article was augmented by the 
subsequent review of pregnancy-related rupture of 
arterial aneurysms by Barrett et  al, 6 in 1982, which 
added additional cases but drew no new conclusions. 
From these reviews, and related studies, there are 
three aspects that deserve further comment: (1) the 
types of arterial lesions seen and their sites of 
predilection, (2) the role played by the hemodynamic 
stresses of pregnancy inproducing changes in arterial 
structure and integrity and causing arterial dissection 
and rupture, and (3) the independent role of sex 
hormones, in excess, in producing the observed 
arterial disease. 
Type and location of  lesion. Aortic dissections 
are usually thoracic, the proximal tear occurring 
within the ascending aorta in 89% of cases. 7 Konishi 
et al.2 reported that 70% were type I and 19% were 
type II dissections. Only 11% were type III, as seen 
in our second case. Barrett et al. 6 even state that "the 
site of internal tear has never been reported to have 
occurred below the diaphragm," yet we know of 
reports of at least five other iliac dissections in 
addition to rupture of the external and internal iliac 
arteries during pregnancy. In contrast, the cerebral 
aneurysms included in these reviews appear to be 
berry aneurysms that rupture with the hemodynamic 
stresses of pregnancy. 6 On the other hand, the 
majority of splenic artery aneurysms reported are true 
aneurysms related to pregnancy in that they tend to 
occur in grand multiparous women and the major 
risk of rupture occurs with pregnancy. 8 The same 
could be said of the rarer coronary aneurysms except 
that these are all "dissecting aneurysms" of the left 
anterior descending artery. 6Renal artery aneurysms 
associated with pregnancy are similar to splenic artery 
aneurysms, although separation from arterial fibro- 
dysplasia is more difficult in this location. 6 
Hemodynamic stresses of  pregnancy. It seems 
obvious that the hemodynamic stresses associated 
with pregnancy, particularly with the third trimester 
and labor, are capable of producing dissection of 
weakened arteries and rupture of existing aneurysms. 
What is not clear is whether these mechanical stresses 
alone can produce permanent s ructural changes and 
weaken otherwise normal arteries. The cardiac 
changes of pregnancy include increases in heart rate, 
stroke volume, cardiac output, left ventricular wall 
mass, and end-diastolic dimensions. 6 In addition, the 
gravid uterus has been shown 9 to cause significant 
compression of the aorta and iliac arteries in the 
supine position, possibly increasing the outflow 
resistance of the lower arterial tree, while simulta- 
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neously increasing the stress produced by cardiac 
ejection of blood into the upper aorta. This may 
predispose the proximal aorta further to the intimal 
tears that are believed to initiate aortic dissection. 3 
Although it seems unlikely that these stresses alone 
could lead to dissection of normal vessels, it is 
conceivable that, after repeated pregnancies, arterial 
walls might become abnormal because of a summa- 
tion ofhemodynamic stresses and hormonal changes. 
Although the relative contributions of these two 
factors are hard to separate in this setting, hormonal 
factors appear capable of independently producing 
lasting pathologic hanges (see below). 
The role of sex hormones. Both estrogen and 
progesterone l vels rise throughout pregnancy, fall- 
ing back to prepregnancy levels after parturition. Spe- 
cific receptors for estrogen and progesterone have 
been sought in systemic arteries uch as the aorta, 
heart, and carotid arteries of mammalian species and 
humans. Earlier studies affirmed 1°1a and others de- 
nied 1<1s the presence of estrogen and progesterone 
in the arteries upplying nonreproductive tissues, but 
the recent findings of Campisi et al.13 clearly confirm 
the presence of estrogen receptors in fresh human 
aortic tissue. The hormonal effects of pregnancy on 
arterial tissues were studied by Manalo-Estrella nd 
Barker 15 by comparing sections of the abdominal 
aorta in pregnant and nonpregnant women. None of 
either group of patients had a clinical dissection or 
aneurysm. Histologic changes found in all of the 
pregnant patients included fragmentation fthe reti- 
culin fibers, diminished amounts of acid mucopoly- 
saccharides, loss of the normal corrugation of elastic 
fibers, and hypertrophy and hyperplasia of smooth 
muscle ceils. Similar findings were also observed in 
pregnant rabbits, but there was considerable histo- 
logic regression of the changes within 10 to 15 
days. 16 The series of aortic dissections reported by 
Konishi et al. 2 showed an increase o f  acid muco- 
polysaccharide in the aortic wall, but their other find- 
ings, of degeneration f elastic fibers and hypertrophy 
and hyperplasia of smooth muscle, were similar to, 
and confirmed, the findings of Manalo-Estrella nd 
Barker. 15 
The observed hyperplastic ntimal changes were 
once believed to be similar to those found with 
hypertension, but they also have been shown to occur 
in the veins of pregnant subjects and women taking 
oral contraceptives. 6 Estrogen may be more impor- 
tant than progesterone in this regard. The other 
changes, in the arterial media, may be multifactorial ~7 
but can be produced in rabbits by a combination of 
norethynodrel and ethanol estradiol.18 Foidart et al. 19 
found increased collagen synthesis and degradation 
in the aortas of rats with hypertension a d pregnancy, 
being greater when both conditions coexisted, and 
Wolinsky 2° found that estrogen increased collagen 
and elastin deposition i  the aorta of hypertensive rats 
and progesterone accelerated the deposition of non- 
collagenous proteins. Thus it would appear that, in 
excess, female hormones can have a profound effect 
on the structural elements of the arterial umen and 
wall and hemodynamic stresses may be additive. The 
finding of characteristic histologic changes at a 
remote site (femoral artery) 9 months after aortic 
dissection in our second case indicates that signifi- 
cant, long-lasting effects do occur, at least in mul- 
tiparous women. Whether both are always required 
to produce clinically significant, lasting changes in 
human subjects, or some additional factor is also 
involved, is not yet known. One might ask, if the high 
levels of female hormones and the hemodynamic 
stresses of pregnancy were, in themselves, ufficient 
to cause these arterial lesions, why are they not seen 
more commonly in multiparous women? In other 
words, do those afflicted have some additional 
etiologic factor, as implicated in the two cases 
reported by Williams et al.,4 or even an inherent 
defect in the arterial wall similar to that currently 
proposed for aortic aneurysms? Although this may be 
the case, it is not necessary to invoke an additional 
mechanism because it is well known that hormonal 
effects vary significantly in their degree of expression, 
as commonly observed with secondary sex character- 
istics. It is at least equally plausible that it is only in 
those in whom these hormonal changes are extreme 
and repetitive that the arterial wall changes reach a 
point at which strength and structural integrity are 
so compromised that dissections can occur under 
stress or chronic aneurysms gradually develop over 
time. We hope that further investigations will clarify 
the degree to which each of the above factors 
contribute. 
A mounting body of ex/idence indicts pregnancy 
as an initiator of arterial degeneration. The effects are 
additive and, with multiple pregnancies, the changes 
may be permanent. Histologically, fragmentation of
the reticttlin fibers, diminished amounts of acid 
mucopolysaccharides, lo sof the normal corrugation 
of elastic fibers, and hypertrophy and hyperplasia of 
smooth muscle cells have been observed in pregnant 
women and women taking oral contraceptives and 
were also seen in our two patients with aortic 
dissection. The mechanism by which hormonal 
effects and other factors combine to produce these 
changes awaits elucidation. 
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